Let (a (x)
Introduction
Matrices that we will consider correspond to operators in the space of formal power series. We will associate rows and columns of matrices with the generating functions of their elements, i.e. with the formal power series. Thus, the expression Aa (x) = b (x) means that the column vector multiplied by the matrix A has the generating function a (x), resultant column vector has the generating function b (x). nth coefficient of the series a (x) denote [x n ] a (x); (n, m)th element, nth row, nth descending diagonal, nth ascending diagonal and nth column of the matrix A will be denoted respectively by
Infinite lower triangular matrix (f (x) , g (x)), nth column of which has the generating function f (x) g n (x), g 0 = 0, is called Riordan matrix (Riordan array). It is the product of two matrices that correspond to the operators of multiplication and composition of series:
(f (x) , g (x)) = (f (x) , x) (1, g (x)) , (f (x) , x) a (x) = f (x) a (x) , (1, g (x)) a (x) = a (g (x)) , (f (x) , g (x)) (b (x) , a (x)) = (f (x) b (g (x)) , a (g (x))) .
Elements of the matrix (1, g (x)) are expressed through coefficients of the series g (x) by the formula where the summation is over all monomials g
) is called proper. Proper Riordan matrices form a group called the Riordan group. Matrices of the form (f (x) , x) form a subgroup called the Appell subgroup; matrices of the form (f (x) , xf (x)) form a subgroup called the Bell subgroup.
Matrices
where |e x | is the diagonal matrix, |e
If g (x) = x, then the sequence of polynomials s n (x) is called Appel sequence. Matrix, power of which is defined by the identity
is called pseudo-involution in the Riordan group [1] - [8] . Example of pseudo-involution is the power of the Pascal matrix.
Sequence B is called B-sequence of the matrix (f (x) , xg (x)) ( [4] , [5] ; in [4] this sequence is called ∆-sequence). Generating function of this sequence will be called B-function of the matrix (f (x) , xg (x)). Consider the following construction for the Bell subgroup matrices (a (x) , xa (x)),
where
Polynomials c n (x) will be called composition polynomials. (If in this construction we replace the Bell subgroup matrices with the Appell subgroup matrices, then we get a (ϕ) (x) = a ϕ (x), L (a (x)) = (1, log a (x)); in this case, the polynomials c n (x) are called convolution polynomials [9] ).
In Section 2, we consider composition polynomials of the RNA matrix. Construction associated with these polynomials allows a generalization, which we introduce in Section 3. Matrix, whose B-sequence has the generating function ϕB (x), will be denoted by
n will be called B-composition polynomials. Coefficients of these polynomials are expressed in terms of the B-sequences of the matrix (a (x) , xa (x)) by a certain formula. Using this formula, we can build the matrix, rows of which correspond to the B-composition polynomials. We call such matrix B-composition matrix. In Section 4, Section 5, we build B-composition matrices for the cases B = 1 + x, B = C (x), where C (x) is the Catalan series. In Section 6, we prove a simple but unexpected theorem on the connection of B-composition matrices with exponential Riordan matrices. Using this connection, in Section 7 we introduce the B-composition-convolution polynomials such that
2 Composition polynomials of the RNA matrix
) is the RNA matrix: 
Matrix (R (x) , xR (x)) ϕ is the pseudo-evolution. In [6] it is shown that if B (x) is the Bfunction of the matrix (a (x) , xa (x)), then the coefficients of the series a v (x) are expressed through coefficients of the series B (x) by the formula
where the summation is over all monomials b
so that B-function of the matrix (R (x) , xR (x)) ϕ is the series ϕ(1 − x) −1 . Hence, composition polynomials of the RNA matrix (we denote them r n (x)) have the form
where the summation of the coefficient of x m is over all partitions n = p i=0 m i (2i + 1),
Using this formula, we will begin to build the matrix 
Form of this matrix leads to the assumption that [2n, ր] R = N n (x), where N n (x) are the Narayana polynomials:
Let's turn to the matrix 
Proof. Generating function of the sequence of Narayana polynomials is
.
Thus,
Generalization of the RNA matrix is the matrix(R (β, x) , xR (β, x)):
Series R (ϕ) (β, x) is solution to the equation
, so that B-function of the matrix (R (β, x) , xR (β, x)) ϕ is the series ϕ(1 − βx) −1 . Hence, composition polynomials of the matrix (R (β, x) , xR (β, x)) have the form 
B-composition polynomials
Matrix, whose B-sequence has the generating function ϕB (x), will be denoted by Using Theorem 3, we can build the matrix, rows of which correspond to the Bcompositions polynomials. We call such matrix a B-composition matrix. Note that the first column of such matrix has the generating function xB (x 2 ).
is the series ϕ (1 + x) . B-composition matrix has the form 
Let's turn to the polynomials P n (x) ( A033282 ):
Theorem 4.
(
Proof.
(1) R
is the series ϕC (x). B-composition matrix has the form 
then sequence of polynomials (2) rn (x) is Appel sequence:
B-composition matrix will be denoted by B (x) . If
matrix B (x) we call the Appell type matrix. We use all possibilities of the B-expansion. Denote u n (x) = u x(x + n + m) 2m s n−m (2m + 1) (2m + 1)! .
